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Introduction

The Kentucky Transportation Center was requested by the Kentucky Transportation Cabinet to
conduct creep tests on the concrete from the new cable-stayed bridge over the Ohio River at
Owensboro. The tests have been completed and the data is included herein.

Test Methods and Results

The creep tests were performed on cylinders according the ASTM C-512 (Creep of Concrete in
Compression). In order to perform the creep tests the compressive strength of the cylinders must be
determined. This was determined according to ASTM C-39 (Compressive Strength of Cylindrical
Concrete Specimens). The modulus of elasticity was determined for one series according to ASTM
C-469 (Static Modulus of Elasticity and Poisson’s Ratio of Concrete in Compression). Three
cylinders were loaded three days (3-day tests) after the cylinders were made, and three cylinders each
were loaded at 30 days (30-day tests) and 90 days (90- day tests) after the cylinders were made. All
of the tests ran for 180 days after loading.

Results of the 3-day tests, 30-day tests, and 90-day tests are listed in Sections 1, 2 and 3,
respectively. Section 4 lists the results of the modulus and Poisson’s ratio tests for the cylinders at
3 days. Section 5 lists the dimensions and weight of the cylinders. Section 6 lists the ASTM
standard test methods referenced above. No analysis was performed on the data as the purpose of
the tests was only to provide baseline data for future reference, if necessary.

Virtual Image of Cable-Stayed Bridge, Owensboro






Section 1

‘3-Day Creep Data
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30-Day Creep Data
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Section 4

Modulus of Elasticity
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Section 5

Cylinder Height, Diameter, and Weight






unit weight of concrete for Owensboro Bridge

Date

cylinder __ weight(lbs) height(in) diameter(in) area(in’2) volume(ftA3) unit weight (Ibs/c
1 28.3 11.977 5.9935| 28.21310601] 0.195548826 144.7208896
2 29.1 11.965 6.006] 28.33091082| 0.196168604 148.3417804
3 29.2 12.0195 5.99| 28.18016464| 0.196013593 148.9692604
4 29 11.981 6.014| 28.40643471| 0.196954568 147.2420784
5 28.7 12.022 6.006] 28.33091082| 0.197103131 145.6090519
6 29.2 12.001 5.997| 28.24606662] 0.196169586 148.8508006
7 29 11.995 5.993| 28.20839892| 0.195810038 148.1027242
8 28.7 11.9915 5.9935| 28.21310601} 0.195785568 146.5889461
9 28.8 12.011 5.9995| 28.26962169] 0.196496774 146.5672915
10 28.4 12.0025 5.997| 28.24606662] 0.196194106 144.7546036

average (Diam.)
average (area)

average unit weight

5.99895 inches
28.26443873 inches”2

146.9747427 Ibs/cf







Section 6

ASTM C-39
ASTM C-469
ASTM C-512






Designation: C 39 - 96

* ' “This standard is issued under the fixed d
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of iast reapproval. A |
-, -superscript epsilon (¢) indicates.an editorial change since the last revision or reapproval. .. .

* This test method has been approved for use by agencies of the Department of Defense. Consult the DD Index of ..S'peq’ﬁcazians:and
“.. - Standards for the specific year of issue which has been adopted by the Department of Defense, .

ed as the standard;

- Specimens in the Field?

<Specimens in the Laboratory?

ens?

i . Cylinders?
% !

>

st

%.61 on Testing Concrete for Strength.

a;g S;r‘:ggiegs of CS;’;“;"; Curing Concrete Test ~ 2°cordance with Practices C 31, C 192, C 617 and G 123]

teria for Laboratory Evaluation?

-Current edition approved Aug. 10, 1996, Pubiished
ublished as C39 - 21 T, Last previous edition C 39 — 94,
" Annual Book of ASTM Standards, Vol 04.02,
-3 Annual Book of ASTM Standards, Vol 03.01.

-

: ., Standard Test Method for , =~ = ' ,.
Compressive Strength of Cylindrical Concrete Specimens?

esignation C 39; the numbcr-ithediately following the designation indicates the year of

2.2 American Concrete Institute:.

"This test method covers determination of compressive | CP-16 Concrete Laboratory Testing Technician, Grade 1.4
Strength of cylindrical concrete specimens such as molded ;
" and drilled cores. It is limited to concrete havinga 3. Summary of Test Method
it 'weight in excess of 50 Ib/ft3 (800 kg/m3). 3.1 This test method consists of applying a compressive
The values stated in inch-pound units are to be  axial load to molded cylinders or cores at a rate which is
_ : within a prescribed range until fajlure occurs. The compres-
This standard does not purport to address all of the  sive strength of the specimen is calculated by dividing the
céncems, if any, associated with its use. It is the  maximum load attained during the test by the cross-sectional
sibility of the user of this standard to establish appro-  area of the specimen,
safety and health practices and determine the applica-
of regulatory limitations prior to use. -
The text of this standard references notes which 4.1 Care must be exercis
ﬁv le” explanatory material. These notes shall not be significance of compressive
seonsidered as requirements of the standard.

4. Significance and Use

moisture conditions during curing,

. . . . 4.2 This test method is used to determine éoinpressii/e
42 Test Method for Obtaining and Testing Drilled Cores strength of cylindrical specimens prepared and cured in

and Test Methods C 42 and C873.

X . o . 4.3 The results of this test method are used as a basis for
17 Practice for Capping Cylindrical Concrete Speci quality control of concrete proportioning, mixing, and

. . L. . lacing operations; determination of compliance with speci-
70 - Preci . plaa : ompliance with spe:
-.-meg] tf‘;‘:_u,;e eﬁfﬁcﬁmﬁ Con s:u%l:ioingdzt:ﬁa]i?te ) ﬁca’ugm; control for evaluating effectiveness of admixtures
C-873 Test Method for Compressive Strength of Concrete and si uses.
! ‘Cylinders Cast in Place in Cylindrical Molds2

be evaluated in accordance with Practice C 1077.

4 Practices for Force Verification of Testing Machines3 _

74 Practice for Calibration of Force-Measuring Instru- - APparatus :
;- ents for Verifying the Load Indication of Testing 5.1 T esting Machine—The testing machine shall be of a

o type having sufficient capacity and capable of providing the

rates of loading prescribed in 7.5.

4 Available from American Concrete Institute, P.O. Box 19150, Detroit, M,

48219-0150.
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ed in the interpretation of the
strength determinations by this
test method since strength is not a fundamental or intrinsic
property of concrete made from given materials. Values
obtail}ed will_ depend on the size and shape of the specimen,
batching, mixing procedures, the methods of sampling,

' 51" Pragtice. for Malcing and Curing Concrete Test molding, and fabrication and the age, temperature, and

4.4 The individual who tests concrete cylinders for accep-

¢C 1077 Practice for Laboratories Testing Concrete and ;?:hc:y t:zn;gcr;:rﬂ ?l?evetegtexg?-gzg:ﬁ: :q uki?rglv;ftdgtf) ﬁ‘:
C i i i . . e 3 ae . g
oncrete Aggregates for Use in Construction and Cri minimum guidelines for certification of Concrete Laboratory
C:1231 Practice for Use of Unbon ded Caps in Determina. Technician, Level I, in accordance with ACI' CP-16.
- tion of Compressive Strength of Hardened Concrete Note 1—The testing laboratory performing this test method should

5.1.1 Verification of calibration of the testing machines in

' , accordance with Practices E 4 is required under the following
.1 This test method is under the jurisdiction of ASTM Committee C-9 on ~: conditions: .
oncrete and Concrete Aggregates and is the direct responsibility of Subcommittee -

October 1996. Originally

5.1.1.1 After an elapsed interval since the previous verifi-



b c 39

cation of 18 months maximum, but preferably after an
interval of 12 months,

5.1.1.2 On original installation or relocation of the ma-
~hine,

.1.1.3 Immediately after making repairs or adjustments
that affect the operation of the force applying system of the
machine or the values displayed on the load indicating
system, except for zero adjustments that compensate for the
mass of bearing blocks, or specimen, or both, or

5.1.1.4 Whenever there is reason to doubt the accuracy of
the results, without regard to the time interval since the last
verification.

5.1.2 Design—The design of the machine must include
the following features:

5.1.2.1 The machine must be power operated and must
apply the load continuously rather than intermittently, and
without shock. If it has only one loading rate (meeting the
requirements of 7.5), it must be provided with a supple-
mental means for loading at a rate suitable for verification.
This supplemental means of loading may be power or hand
operated.

Note 2—High-strength concrete cylinders rupture more intensely
than normal strength cylinders. As a safety precaution, it is recom-
mended that the testing machines should be equipped with protective

fragment guards.

5.1.2.2 The space provided for test specimens shall be
large enough to accommodate, in a readable position, an
elastic calibration device which is of sufficient capacity to
cover the potential loading range of the testing machine and
which complies with the requirements of Practice E 74.

" NoTE 3—The types of elastic calibration devices most generally
ailable and most commonly used for this purpose are the circular
proving ring or load cell.

. 5.1.3 Accuracy—The accuracy of the testing machine
shall be in accordance with the following provisions:

5.1.3.1 The percentage of error for the loads within the
proposed range of use of the testing machine shall not exceed
+1.0 % of the indicated load.

5.1.3.2 The accuracy of the testing machine shall be
verified by applying five test loads in four approximately
equal increments in ascending order. The difference between
any two successive test loads shall not exceed one third of the
difference between the maximum and minimum test loads.

5.1.3.3 The test load as indicated by the testing machine
and the applied load computed from the readings of the
verification device shall be recorded at each test point.
Calculate the error, E, and the percentage of error, E,, for
each point from these data as follows: =

E=A-B
= 100(4 — B)/B
where
= load, Ibf (or N) indicated by the machme being verified,
and
B = applied load, 1bf (or N) as determmed by the calibrating
device.

5.1.3.4 The report on the verification of a testing machine
shall state within what loading range it was found to conform
0 specification requirements rather than reporting a blanket
acceptance or rejection. In no case shall the loading range be

18

stated as including loads below the value which is 100 times
the smallest change of load estimable on the load-indicating
mechanism of the testing machine or loads within that
portion of the range below 10 % of the maximum range
capacity.

5:1.3.5 .In no case shall the loading range be stated as
including loads outside the range of loads applied during the
verification test.

5.1.3.6 The indicated load of a testing machine shall not
be corrected either by calculation or by the use of a
calibration diagram to obtain values within the required
permissible variation.

5.2 The testing machine shail be equipped with two steel
bearing blocks with hardened faces (Note 4), one of which is
a spherically seated block that will bear on the upper surface
of the specimen, and the other a solid block on which the
specimen shall rest. Bearing faces of the blocks shall have a
minimum dimension at least 3 % greater than the diameter
of the specimen to be tested. Except for the concentric circles
described below, the bearing faces shall not depart from a
plane by more than 0.001 in. (0.025 mm) in any 6 in. (152
mm) of blocks 6 in. in diameter or larger, or by more than
0.001 in. in the diameter of any smaller block; and new
blocks shall be manufactured within one half of this toler-
ance. When the diameter of the bearing face of the spheri-
cally seated biock exceeds the diameter of the specimen by

more than % in. (13 mm), concentric circles not more than .

32 in. (0.8 mm) deep and not more than 364 in. (1.2 mm)
wide shall be inscribed to facilitate proper centering.

NOTE 4—It is desirable that the bearing faces of blocks used for
compression testing of concrete have a Rockwell hardness of not less
than 55 HRC.

5.2.1 Bottom bearing blocks shall conform to the fol-
lowing requirements:

5.2.1.1 The bottom bearing block is specified for the
purpose of providing a readily machinable surface for
maintenance of the specified surface conditions (Note 5).
The top and bottom surfaces shall be parallel to each other. If

. the testing machine is so designed that the platen itself is
_readily maintained in the specified surface condition, a

bottom block is not required. Its least horizontal dimension
shall be at least 3 % greater than the diameter of the
specimen to be tested. Concentric circles as described in 5.2
are optional on the bottom block.

Note 5—The block may be fastened to the platen of the testing
machine.

5.2.1.2 Final centering must be made with reference to the
upper spherical block. When the lower bearing block is used
to assist in centering the specimen, the center of the
concentric rings, when provided, or the center of the block
itself must be directly below the center of the spherical head.
Provision shall be made on the platen of the machine to
assure such a position.

5.2.1.3 The bottom bearing block shall be at least 1 in. (25
mm) thick when new, and at least 0.9 in. (22.5 mm) thick
after any resurfacing operations.

5.2.2 The spherically seated bearing block shall conform
to the following requirements:

5.2.2.1 The maximum diameter of the bearing face of the

o U it AR
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suspended spherically seated block shall not exceed the
values given below:

Diameter of Maximum Diametexj

Test Specimens, of Bearing Face, -
in. (mm) in. (mm) .
2(51) . 4:(102)
.3(76) - .5(127)
4(102) 6Y2 (165) . . . .
6 (152) 10 (254)
8 (203) 11 (279)

OTE - 6——Square bearing faoes are permxsmble, prov:ded the diameter
‘of the largest possible inscribed circle does not exceed the above
dlameter o .

'5.2.2.2 The center of the sphere sha]l commde thh the
surface of the bearing face within a tolerance of +5 % of the
radius of the sphere. The diameter of the sphere shall be at
‘Jeast 75 % of the diameter of the specimen to be tested.
'5.2.2.3 The ball and the socket must be so designed by the
‘manufacturer that the steel in the contact area does not
' anently deform under repeated use, with loads up to
‘,'mOO psi (82.7 MPa) on the test specimen.

Note 7—The preferred contact area is in the form of a ring
(dmcnbedaspreferred “bearing” area) as shown on Fig. 1.

0:.5-2.2.4 The curved surfaces of the socket and of the
pherical portion shall be kept clean and shall be lubricated
with a petroleum-type oil such as conventional motor oil,

not with a pressure type grease. After contacting the spec-
imen and application of small initial load, further tilting of
the spherically seated block is not mtended and is undesir-
able..

« 5225 If the radius of the sphere is smaller than the
‘fadius of the largest specimen to be tested, the portion of the
bearmg face extending beyond the sphere shall have a
thickness not less than the difference between the radius of
the sphere and radius of the specimen. The least dimension
of the bearing face shall be at least as great as the diameter of
the sphere (see Fig. 1).

" 5.2.2.6 The movable portion of the bearing block shall be
:held closely in the spherical seat, but the design shall be such

SN \

SOCKET

PREFERRED
BEARING
AREA

\\
=

T MUST BE NO LESS THAN (R~T)

TEST SPECIMEN

e e e e ettt

NoTe—Provision shall be made for holding the ball in the socket and for holding
the entire unit in the testing machine.

FIG. 1 Schematic Sketch of a Typical Spherical Bearing Block

@ c a9

that the bearing face can be rotated freely and tilted at least
4°1in any direction. - -

5.3 Load Indication: - '

5.3.1 If the load of a compress10n machine used in
concrete ‘testing is registered on a dial, the dial shall be
provided with a graduated scale that is readable to at least the
nearest 0.1 % of the full scale load (Note :8). The dial shall be
readable within 1 % of the indicated load at any given load
level within the loading range. In no case shall the loading
range of a dial be considered to include loads below the value
that is 100 times the smallest change of load that can be read
on the scale. The scale shall be provided with a graduation

" line equal to zero and so numbered. The dial pointer shall be

of sufficient length to reach thé graduation marks; the width
of the end of the pointer shall not exceed the clear distance
between the smallest graduations. Each dial shall be
equipped with a zero adjustment located outside the dialcase
and easily accessible from' the front. of the machine while
observing the zero mark and dial pointer. Each dial shall be
equipped with a suitable device that at all times until reset,
will indicate to within 1 % accuracy the maximum load
applied to the specimen.

Note 8—Readability is considered to be Vso in. (0.5 mm) along the
arc described by the end of the pointer. Also, one half of a scale interval
is readable with reasonable certainty when -the spacing on the load
indicating mechanism is between 45 in..(1 mm) and V6 in. (1.6 mm).
When the spacing is between Y16 in. and % in. (3.2 mm), one third of a
scale interval is readable with reasonable oertamty When the spacing is
Y in, or more, one fourth of a scale interval is readable with reasonable .
certamty

" 5.3.2 If the testing machine load is indicated in digital
form, the numerical display must be large enough to be
easily read. The numerical increment must be equal to or
less than 0.10 % of the full scale load of a given loading
range. In no case shall the verified loading range include
loads less than the minimum numerical increment mutlti-
plied by 100. The accuracy of the indicated load must be
within 1.0 % for any value displayed within the verified
loading range. Provision must be made for adjusting to
indicate true zero at zero load. There shall be provided a
maximum load indicator that at all times until reset will
indicate within 1% system accuracy the maximum load
applied to the spec1men

6. Specimens

6.1 Specimens shall not be tested if any individual diam-
eter of a cylinder differs from any other diameter of the same
cylinder by more than 2 %.

Note 9—This may occur when single use molds are damaged or
deformed during shipment, when flexible single usé molds are deformed
during molding or when a core drill deflects or shifts during drilling.

6.2 Neither end of compressive test specimens when
tested shall depart from perpendicularity to the axis by more
than 0.5° (approximately equivalent to %8 in. in 12 in. (3 mm
in 300 mm)). The ends of compression test specimens that
are not plane within 0.002 in. (0.050 mm) shall be sawed or
ground to meet that tolerance, or capped in accordance with
either Practice C 617 or Practice C 1231. The diameter used
for calculafing the cross-sectional area of the test specimen
shall be determined to the nearest 0.01 in. (0.25 mm) by
averaging two diameters measured at right angles to each
other at about midheight of the specimen.
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6.3 The number of individual cylinders measured for
determination of average diameter may be reduced to one
for each ten specimens or three specimens per day, which-
ever is greater, if all cylinders are known to have been made

rom a single lot of reusable or single-use molds which
consistently produce specimens with average diameters
within a range of 0.02 in. (0.51 mm). When the average
diameters do not fall within the range of 0.02 in. or when the
cylinders are not made from a single lot of molds, each
cylinder tested must be measured and the value used in
calculation of the unit compressive strength of that spec-
imen. When the diameters are measured at the reduced
frequency, the cross-sectional areas of all cylinders tested on
that day shall be computed from the average of the diameters
of the three or more cylinders representing the group tested
that day.

6.4 The length shall be measured to the nearest 0.05 D
when the length to diameter ratio is less than 1.8, or more
than 2.2, or when the volume of the cylinder is determined
from measured dimensions.

7. i’roéedure

7.1. Compression tests of moist-cured specimens shall be
made as soon as practicable after removal from moist
storage.

7.2 Test specimens shall be kept moist by any convement
method during the period between removal from moist
storage and testing. They shall be tested m the moist
condition.

7.3 All test specimens for a given test age shall be broken
within the permissible tlme tolerances prescribed as follows:

. Test Age Permmble “Tolerance
24h +05hor2l %
3 days- 2hor28%
“7days - - 6hor36%
© 28 days 20hor30%
90 days 2days22%

7.4. Placing the Specimen—DPlace the plain (lower) bearing
block, with its hardened face up, on the table or platen of the
testing machine directly under the spherically seated (upper)
bearing block. Wipe clean the bearing faces of the upper and
lower bearmg blocks and of the test specimen and place the
test specimen on the lower bearing block. Carefully align the
axis of the specimen with the center of thrust of the
spherically seated block. .

7.4.1 Zero Verzf cation and Block Seatmg—Pnor to
testing the specimen, verify that the load indicator is set to
zero. In cases where the indicator is not properly set to zero,
adjust the indicator (Note 10). As the spherically seated
block is brought to bear on the specimen, rotate its movable
portlon gently by hand so that uniform seating is obtained.

NortE. 10—-The techmque used to verify and adjust load mdxmtor to
zero will vary depending on the machine manufacturer. Consult your
owner’s manual or compression machine calibrator for the proper
technique,

15 Rate of Loadzng—Apply the load contmuously and
without shock,
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7.5.1 For testing machines of the screw type, the moving,
head shall travel at a rate of approxxmately 0.05 in. (1.3
mm)/min when the machine is running idle. For hydraulj-
cally operated machines, the load shall be applied at a rate of
movement (platen to crosshead measurement) corre-
sponding to a loading rate on the specimen within the range
of 20 to 50 psi/s (0.14 to 0.34 MPa/s). The designated rate of
movement shall be maintained at least during the latter half
of the anticipated loading phase of the testing cycle.

7.5.2 During the application of the first half of the
anticipated loading phase a higher rate of loading shall be
permitted.

7.5.3 Make no adjustment in the rate of movement of the
platen at any time while a specimen is yielding rapldly
immediately before failure. :

7.6 Apply the load until the specxmen fails, and record the
maximum load carried by the specimen during the test. Note
the type of failure and the appearance of the concrete.

8. Calculation

8.1 Calculate the compresswe strength of the specmen
by dividing the maximum load carried by the specimen
during the test by the average cross-sectional area determined
as described in Section 6 and express the result to the nearest
10 psi (69 kPa).

8.2 If the specimen length to diameter ratio is less than
1.8, correct the result obtained in 8.1 by multiplying by the
appropriate correction factor shown in the following table

L/D: . L5 1.50 1.25 1.00 i
Factor: 0.98 0.96 0.93 0.87 (Note 11)

Nore 11—These correction factors apply to lightweight concrete
weighing between 100 and 120 Ib/ft (1600 and 1920 kg/m3) and to
normal weight concrete. They are apphmble to concrete dry or soaked at
the time of loading. Values not given in the table shall be determined by
interpolation, The correction factors are applicable for nominal concrete
strengths from 2000 to 6000 psi (13.8 to 41.4 MPa)

9. Report .

9.1 Report the following information:

9.1.1 Identification number,

9.1.2 Diameter (and length, if outside the range of 1.8D to
2.2D), in inches or millimetres, -

9.1.3 Cross-sectional area, in square inches or square
centimetres,

9.1.4 Maximum load, in pounds-force Or newtons,

9.1.5 Compressive strength calculated to the nearest 10
psi or 69 kPa,

9.1.6 Type of fracture, if other than the usual cone (see
Fig. 2),

9.1.7 Defects in either specimen or caps, and,

9.1.8 Age of specimen.

10. Precision and Bias

10.1 Precision—The single operator precision of tests of
individual 6 by 12 in. (150 by 300 mm) cylinders made from
a well-mixed sample of concrete is given for cylinders made
in a laboratory environment and under normal field condi-
tions (see 10.1.1).
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"4 These numbers represent respectively the (15) and (d2s) imits as described in
Practice C 670. . : e

10.1.1 The values given are applicable to 6 by 12 in. (150
by 300 mm) cylinders with compressive strength between
2000 and 8000 psi (12 to 55 MPa). They are derived from
CCRL concrete reference sample data for laboratory condi-
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. FIG. 2 Sketches of Types of Fractu e
Cocfficient of Acceptable Range of 4 tions and a collection of 1265 test reports from 225
v ‘Variation4  2resuls . 3results commercial testing laboratories in 1978.5 o
ingle operator. - . . O S . . o - N e s
~-Laboratory conditions 237% 66%. 18% - "NOTE 12—Subcommittee C09.03.01 will re-examine recent CCRL
' Field conditions 287% 8.0% - 95% Concrete Reference Sample Program data and field test data to see if

these values are representative of current practice.and if they can be
extended to cover a wider range of strengths and specimen sizes. -

10.2 Bias—Since there is no accepted reference material,
no statement on bias is being made. . ’

"5 Research report RR:C09-1006 is on filc at ASTM Headgquarters.

The American Soclety for Testing and Materials takes no position respecting the valldity of any patent rights asserted in connaction
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such’ -
patent rights, and the risk of infringement of such rights, are entirely their own responsibliity. ‘ o .

This standard is subject to revision-at any time by the-responsible technical committes and must be reviewed every five years and
if not revised, elther reapproved or withdrawn. Your comments are Invited either for revision of this standard or for additional stendards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committea, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to-the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428. ’ )
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B Standard Test Method for

i Compression’
This standard is issued under the fixed designation C 469;
original adoption or, in the case of revision, the year of last

: superscript epsilon (¢) indicates an editorial change since the

Scope
{ 1.1 This test method covers determination of (/) chord

~odulus of elasticity (Young's) and (2) Poisson’s ratio of
olded concrete cylinders and diamond-drilled concrete

gores when under longitudinal compressive stress. Chord

podulus of elasticity and Poisson’s ratio are defined in
erminology E 6.

1.2 The values stated in inch-pound units are to be
pegarded as the standard.

: 1.3 This standard does not purport to address all of the
ofety concerns, if any, associated with its use. It is the
ssponsibility of the user of this standard to establish appro-

priate safety and health practices and determine the applica-

Nility of regulatory limitations prior to use.
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. Significance and Use

1'. 3.1 This test method provides a stress to strain ratio value
and a ratio of lateral to longitudinal strain for hardened
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Static Modulus of Elasticity and Poisson’s Ratio of Concrete in

the number immediately following the designation indicates the year of
revision. A number in parentheses indicates the year of last reapproval. A
last revision or reapproval.

3.2 The modulus of elasticity and Poisson’s ratio values,
applicable within the customary working stress range (0 to
40 % of ultimate concrete strength), may be used in sizing of
reinforced and nonreinforced structural members, estab-
lishing the quantity of reinforcement, and computing stress
for observed strains.

3.3 The modulus of elasticity values obtained will usually
be less than moduli derived under rapid load application
(dynamic or seismic rates, for example), and will usually be
greater than values under slow load application or extended
load duration, other test conditions being the same.

4. Apparatus

4.1 Testing Machine—Any type of testing machine ca-
pable of imposing a load at the rate and of the magnitude
prescribed in 6.4 may be used. The machine shall conform to
the requirements of Practices E 4 (Constant-Rate of-Traverse
CRT-Type Testing Machines section). The spherical head
and bearing blocks shall conform to the Apparatus Section of
Test Method C 39.

4.2 Compressometer*—For determining the modulus of

elasticity a bonded (Note 1) or unbonded sensing device shall
be provided for measuring to the nearest 5 millionths the
average deformation of two diametrically opposite gage lines,
each parallel to the axis, and each centered about midheight
of the specimen. The effective length of each gage line shall
be not less than three times the maximum size of the
aggregate in the concrete nor more than two thirds the height
of the specimen; the preferred length of the gage line is one
half the height of the specimen. Gage points may be
embedded in or cemented to the specimen, and deformation
of the two lines read independently; or a compressometer
(such as is shown in Fig. 1) may be used consisting of two
yokes, one of which (see B, Fig. 1) is rigidly attached to the
specimen and the other (see C, Fig. 1) attached at two
diametrically opposite points so that it is free to rotate. At
one point on the circumference of the rotating yoke, midway
between the two support points, a pivot rod (see A4, Fig. 1)
shall be used to maintain a constant distance between the
two yokes. At the opposite point on the circumference of the
rotating yoke, the change in distance between the yokes (that
is, the gage reading) is equal to the sum of the displacement
due to specimen deformation and the displacement due to
rotation of the yoke about the pivot rod (see Fig. 2).

4.2.1 Deformation may be measured by a dial gage used

4 Copies of working drawings of strain measuring apparatus are available from
the American Society for Testing and Materials, 1916 Race St., Philadelphia, PA
19103. Request adjunct No. 12-304690-00.
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FIG. 1

Suitable Compressometer

directly or with a lever multiplying system, by a wire strain
gage, or by a linear variable differential transformer. If the
distances of the pivot rod and the gage from the vertical
plane passing through the support points of the rotating yoke
are equal, the deformation of the specimen is equal to
one-half the gage reading. If these distances are not equal, the
deformation shall be calculated as follows:

d = ge/le, + e;) 1

where:

d = total deformation of the specimen throughout the effec-
tive gage length. pin. (um),

g = gage reading, pin. (um),

e, = the perpendicular distance. measured in inches
(millimetres) to the nearest 0.01 in. (0.254 mm) from
the pivot rod to the vertical plane passing through the
two support points of the rotating yoke, and

¢, = the perpendicular distance, measured in inches (milli-
metres) to the nearest 0.0l in. (0.254 mm) from the
gage to the vertical plane passing through the two
support points of the rotating voke.

Procedures for calibrating strain-measuring devices are given

in Practice E 83.

NoTE |—Although bonded strain gages are satisfactory on dry
specimens, they may be difficult. if not impossible. to mount on
specimens continually moist-cured until tested.

< b
xr— 1— . —_—
d 1 _ e
J| —— e - .7
ryd

d = displacement due to specimen deformation

r = displacement due to rotation of the yoke about the pivot rod
a = location of gage

b = support point of the rotating yoke

¢ = location of pivot rod

g = gage reading

FIG. 2 Diagram of Displacements

4.3 Exzensometer“-——lf Poisson’s ratio is desired, the trans >R
verse strain shall be determined (/) by an unbonda_
extensometer capable of measuring to the nearest 25 |,|.m,»~_
(0.635 pm) the change in diameter at the midheight of the 3
specimen or (2) by two bonded strain gages (Note
mounted circumferentially at diametrically opposite pom‘g
at the midheight of the specimen and capable of measuring
circumferential strain to the nearest 5 millionths. A cos
bined compressometer and extensometer (Fig. 3) is a convé:
nient unbonded device. This apparatus shall contain a thn-d
yoke (consisting of two equal segments) located halfway
between the two compressometer yokes and attached to the'..
specimen at two diametrically opposite . points. Midway ~
between these points a short pivot rod (4’, see Fig..3),"
adjacent to the long pivot rod, shall be used to maintain a
constant distance between the bottom and middle yokes.
The middle yoke shall be hinged at the pivot point to permit
rotation of the two segments of the yoke in the horizontal

- plane. At the opposite point on the circumference, the two

segments shall be connected through a dial gage or other
sensing device capable of measuring transverse deformation
to the nearest 50 pin, (1.27 pm). If the distances of the hinge
and the gage from the vertical plane passing through the
support points of the middle yoke are equal the transverse
deformation of the specimen diameter is equal to one-half
the gage reading. If these distances are not equal, the

. transverse deformation of the specimen diameter may be
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calculated in accordance with Eq 2.

d'=g'eu/(ey+ e @
where: . )
d’ = transverse deformation of the specimen diameter, pin.
(um), S
g’ = transverse gage reading, pin. (um),

'4

e’, = the perpendicular distance, measured in inches (milli-
meters) to the nearest 0.01 in. (0.254 mm) from the
hinge to the vertical plane passing through the support
points of the middle yoke, and
= the perpendicular distance, measured in inches (mxlll-
meters) to the nearest 0.01 in. (0.254 mm) from the
gage to the vertical plane passing through the support
points of the middle yoke.

4.4 Balance or Scale, accurate to 0.1 Ib (0.045 kg) shall be

provided if necessary.

5. Test Specimens
5.1 Molded Cylindrical Specimens—Test cylinders shall -

gmb'.-.';rev-
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i,e molded in accordance with the requirements for compres-
sion test specimens in Practice C 192, or in Practice C 31.
;mens shall be subjected to the specified curing condi-
tions and tested at the age for which the elasticity information
is desired. Specimens shall be tested within 1 h after removal
from the curing or storage room. Specimens removed from a
moist room for test shall be kept moist by a wet cloth
covering during the interval between removal and test.

5.2 Drilled Core Specimens—Cores shall comply with the
requirements for drilling, and moisture conditioning appli-
cable to compressive strength specimens in Test Method
C42, except that only diamond-drilled cores having a
jength-to-diameter ratio greater than 1.50 shall be used.
Requirements relative to storage and to ambient conditions
immediately prior to test shall be the same as for molded
cylindrical specimens.

5.3 The ends of the test specimens shall be made perpen-
dicular to the axis (+0.5") and plane (within 0.002 in.). If the
specimen as cast does not meet the planeness requirements,
planeness shall be accomplished by capping in accordance
with Practice C 617, or by lapping, or by grinding. Aggregate
popouts which occur at the ends of specimens may be
repaired provided the total area of popouts does not exceed
10 % of the specimen area and the repairs are made before
capping or grinding is completed (Note 2). Planeness will be
considered within tolerance when a 0.002 in. (0.05 mm)
feeler gage will not pass between the specimen surface and a
straight edge held against the surface.

NoTE 2—Repairs may be made by epoxying the dislodged aggregate
back in place or by filling the void with capping material and allowing
adequate time for it to harden.

5.4 The diameter of the test specimen shall be measured

. by caliper to the nearest 0.01 in. (0.25 mm) by averaging two

diameters measured at right angles to each other near the
center of the length of the specimen. This average diameter
shall be used for calculating the cross-sectional area. The
length of a molded specimen, including caps, shall be

_measured and reported to the nearest 0.1 in. (2.54 mm). The

Iepgth of a drilled specimen shall be measured in accordance
with Test Method C 174; the length, including caps, shall be
reported to the nearest 0.1 in.

6. Procedure

- 6.1 Maintain the ambient temperature and humidity as

‘_constan.t as possible throughout the test. Record any unusual
= fluctuation in temperature or humidity in the report.

. 6.2 Use companion specimens to determine the compres-
sive strength in accordance with Test Method C 39 prior to
the test for modulus of elasticity.

6.3 Place the specimen, with the strain-measuring equip-

_mer_n attached, on the lower platen or bearing block of the
_testing machine. Carefully align the axis of the specimen with
the center of thrust of the spherically-seated upper bearing

block. Note the reading on the strain indicators. As the

:.Wheﬁcally-seated block is brought slowly to bear upon the
_ Specimen, rotate the movable portion of the block gently by

d so that uniform seating is obtained.
6.4 Load the specimen at least twice. Do not record any
during the first loading. Base calculations on the average
the results of the subsequent loadings. At least two subse-
quent loadings are recommended so that the repeatability of
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FIG. 3 Suitable Combined Compressometer-Extensometer

the test may be noted. During the first loading, which is
primarily for the seating of the gages, observe the performance
of the gages (Note 3) and correct any unusual behavior prior
to the second loading. Obtain each set of readings as follows:
Apply the load continuously and without shock. Set testing
machines of the screw type so that the moving head travels at
a rate of about 0.05 in. (1.25 mm)/min when the machine is
running idle. In hydraulically operated machines, apply the
load at a constant rate within the range 35 = 5 psi (241 + 34
kPa)/s. Record, without interruption of loading, the applied
load and longitudinal strain at the point (1) when the longi-
tudinal strain is 50 millionths and (2) when the applied load
is equal to 40 % of the ultimate load (see 6.5). Longitudinal
strain is defined as the total longitudinal deformation divided.
by the effective gage length. If Poisson’s ratio is to be
determined, record the transverse strain at the same points. If
a stress-strain curve is desired, take readings at two or more
intermediate points without interruption of loading; or use
an instrument that makes a continuous record. Immediately
upon reaching the maximum load, except on the final
loading, reduce the load to zero at the same rate at which it
was applied. If the observer fails to obtain a reading,
complete the loading cycle and then repeat it. Record the
extra cycle in the report.

NOTE 3—Where a dial gage is used to measure longitudinal deforma-
tion, it is convenient to set the gage before each Joading so that the
indicator will pass the zero point at a longitudinal strain of 50
millionths.

6.5 The modulus of elasticity and strength may be ob-
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tained on the same loading provided that the gages are
expendable, removable, or adequately protected so that it is
possible to comply with the requirement for continuous
loading given in Test Method C 39. In this case record
several readings and determine the strain value at 40 % of
the ultimate by interpolation.

6.6 If intermediate readings are taken, plot the results of
each of the three tests with the longitudinal strain as the
abscissa and the compressive stress as the ordinate. Calculate
the compressive stress by dividing the quotient of the testing
machine load by the cross-sectional area of the specimen
determined in accordance with 5.4.

7. Calculation
7.1 Calculate the modulus of elasticity, to the nearest
50 000 psi (344.74 MPa) as follows:

E = (S; — S))/(ez — 0.000050)

where:
E = chord modulus of elasticity, psi,
S, = stress corresponding to 40 % of ultimate load.
S, = stress corresponding to 2 longitudinal strain, €, of 50
millionths, psi, and

e, = longitudinal strain produced by stress S.

7.2 Calculate Poisson’s ratio, to the nearest 0.01, as
follows:

B = (g — ez — 0.000050)

The American Society for Testing and Materials takes no position respecting
with any item mentioned in this standard. Users of this standard are expressly advised that
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revisio

if not revised, either reapproved or withdrawn. Your commerts are invited either for revi -
varters. Your comments will receive careful consideration at a meeting of the responsible e
P

/ that your comments have not received a fair hearing you should make your

and should be addressed to ASTM Headq
technical committee, which you may attend. If you fes

views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103. .

n at any time by the responsible technical committee and must be reviewed every five years and

where:

p = Poisson’s ratio,

¢ = transverse strain at midheight of the specimen pr
duced by stress S,, and 1

¢, = transverse strain at midheight of the specimen pig
duced by stress S). "

8. Report
8.1 Report the following information:
8.1.1 Specimen identification number, :
1.2 Dimensions of specimen, in inches (or millimetres),
Curing and environmental histories of the specimer;
Age of the specimen, ;
Strength of the concrete, if determined,
Unit weight of the concrete, if determined,
Stress-strain curves, if plotted,
1.8 Chord modulus of elasticity, and
1.9 Poisson’s ratio, if determined.

8.
8.1.3
8.14
8.1.5
8.1.6
8.1.7
8.
8.

9. Precision and Bias : "
9.1 Precision—The single-operator-machine multibatch
precision is +4.25 % (RIS %) max, as defined in Practic
E 177, over the range from 2.5 t0 4 X 106 psi (17.3 t0 27.6 X =3
10° Pa); therefore, the results of tests of duplicate cylinde_t’s
from different batches should not depart more than 5 %7/
from the average of the two.

9.2 Bias—This test method has no bias because the valu
determined can only be defined in terms of the test method.

the validity of any patent rights asserted in connection

determination of the velidity of any such
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qm}) Designation: C 512 - 87 (Reapproved 1994)

Standard Test Method for

Creep of Concrete in Compression’

This standard is issued under the fixed designation C 512; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers the determination of the
creep of molded concrete cylinders subjected to sustained
longitudinal compressive load. This test method is limited to
concrete in which the maximum aggregate size does not
exceed 2 in. (50 mm).

1.2 The values stated in inch-pound units are to be

regarded as the standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards: :

C 39 Test Method for Compressive Strength of Cylindrical
Concrete Specimens?

C 192 Practice for Making and Curing Concrete Test
Specimens in the Laboratory?

« 470 Specification for Molds for Forming Concrete Test
Cylinders Vertically?

cC617 l:ractice for Capping Cylindrical Concrete Speci-
mens?

C 670 Practice for Preparing Precision and Bias State-
ments for Test Methods for Construction Materijals®

3. Significance and Use

3.1 This test method measures the load-induced time-
dependent compressive strain at selected ages for concrete
under an arbitrary set of controlled environmental condi-
tions.

3.2 This test method can be used to compare creep
potentials of different concretes. A procedure is available,
‘using the developed equation (or graphical plot), for calcu-
lating stress from strain data within massive non-reinforced
concrete structures. For most specific design applications, the
test conditions set forth herein must be modified to more
closely simulate the anticipated curing, thermal, exposure,
and loading age conditions for the prototype structure.
Current theories and effects of material and environmental

! This test method is under the jurisdiction of ASTM Committee C-9 on
Concrete and Concrete Aggregates and is the direct responsibility of Subcommitiee
770 on Elastic and Inelastic.

wrrent edition approved July 9, 1987. Published August 1987. Originally
+-wushed as C 512~ 63 T. Last previous edition C 512 - 82 (1992)¢!.

2 Annual Book of ASTM Standards, Vol 04.02.
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parameters are presented in ACI SP-9, Symposium on Creep
of Concrete.?

3.3 In the absence of a satisfactory hypothesis governing
creep phenomena, a number of assumptions have beeq
developed that have been generally substantiated by test and
experience.

3.3.1 Creep is proportional to stress from 0 to 40 % of
concrete compressive strength.

3.3.2 Creep has been conclusively shown to be directly
proportional to paste content throughout the range of paste
contents normally used in concrete. Thus the creep charac-
teristics of concrete mixtures containing aggregate of max-
imum size greater than 2 in. (50 mm) may be determined
from the creep characteristics of the minus 2-in. (minus
50-mm) fraction obtained by wet-sieving. Multiply the value
of the characteristic by the ratio of the cement paste content
(proportion by volume) in the full concrete mixture to the
paste content of the sieved sample. ’

3.4 The use of the logarithmic expression (Section 8) does
not imply that the creep strain-time relationship is neces-
sarily an exact logarithmic function; however, for the period
of one year, the expression approximates normal creep
behavior with sufficient accuracy to make possible the
calculation of parameters that are useful for the purpose of
comparing concretes.

3.5 There are no data that would support the extrapola-
tion of the results of this test to tension or torsion.

4. Apparatus

4.1 Molds—Molds shall be cylindrical conforming to the
provisions of Practice C 192, or to the provisions of Specifi-
cation C470. If required, provisions shall be made for
attaching gage studs and inserts, and for affixing integral
bearing plates to the ends of the specimen as it is cast.

4.1.1 Horizontal molds shall conform to the requirements
of the section on horizontal molds for creep test cylinders of
Practice C 192. A horizontal mold that has proven satisfac
tory is shown in Fig. 1.

4.2 Loading Frame, capable of applying and maintaining
the required load on the specimen, despite any change in the
dimension of the specimen. In its simplest form the loading
frame consists of header plates bearing on the ends of the
loaded specimens, a load-maintaining element that may b
either a spring or a hyvdraulic capsule or ram, and threaqed
rods to take the reaction of the loaded system. Bearn®
surfaces of the header plates shall not depart from a plane by
more than 0.00! in. (0.025 mm). In any loading fram¢

3 Available from the American Concrete Institute, P. O, Box 19150, Detroit. Ml
48219.
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FIG. 1

Horizontal Mold for Creep Specimens

teveral specimens may be stacked for simultaneous loading.

The length between header plates shall not exceed 70 in.

(1780 mm). When a hydraulic load-maintaining element is

'used, several frames may be loaded simultaneously through a

central hydraulic pressure-regulating unit conmsisting of an
accumulator, a regulator. indicating gages, and a source of
high pressure, such as a cylinder of nitrogen or a high-
pressure pump. Springs such as railroad car springs may be
wsed to maintain the load in frames similar to those
described above; the initial compression shall be applied by
m~ans of a portable jack or testing machine. When springs

sed, care should be taken to provide a spherical head or
bail joint, and end plates rigid enough to ensure uniform
loading of the cylinders. Figure 2 shows an acceptable
spring-loaded frame. Means shall be provided for measuring
the load to the nearest 2 % of total applied load. This may be
a permanently installed hydraulic pressure gage or a hy-
draulic jack and a load cell inserted in the frame when the

+ load is applied or adjusted.

|

L w
-
b3
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4.3 Strain-Measuring Device—Suitable apparatus shall be
provided for the measurement of longitudinal strain in the
specimen to the nearest 10 millionths. The apparatus may be
embedded, attached, or portable. If a portable apparatus is

: nsed, gage points shall be attached to the specimen in a

positive manner. Attached gages relying on friction contact
are not permissible. If an embedded device is used, it shall be
situated so that its strain movement occurs along the
bngitudinal axis of the cylinder. If external devices are used,
Straing shall be measured on not less than two gage lines
spaced uniformly around the periphery of the specimen. The
Bages may be instrumented so that the average strain on all
gage lines can be read directly. The effective gage length shall

at least three times the maximum size of aggregate in the
concrete. The strain-measuring device shall be capable of

me?SUdng strains for at least 1| vear without change in
bration.

_‘.tgrs |—Systems in which the varying strains are compared with a
ant-length standard bar are considered most reliable. but unbonded
Ancal strain gages are satisfactory.
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FIG. 2 Spring-Loaded ‘Creep Frame

5. Test Specimens

5.1 Specimen Size—The diameter of each specimen shall
be 6 + V6 in. (or 150 = 1.6 mm), and the length shall be at
least 1112 in. (292 mm). When the ends of the specimen are
in contact with steel bearing plates, the specimen length shall
be at least equal to the gage length of the strain-measuring
apparatus plus the diameter of the specimen. When the ends
of the specimen are in contact with other concrete specimens
similar to the test specimen, the specimen length shall be at
least equal to the gage length of the strain-measuring
apparatus plus 1Y%z in. (38 mm). Between the test specimen
and the steel bearing plate at each end of a stack, a
supplementary noninstrumented cylinder whose diameter is
equal to that of the test cylinders and whose length is at least
half its diameter shall be installed.

5.2 Fabricating Specimens—The maximum size of aggre-
gate shall not exceed 2 in. (50-mm) (Section 3). Vertically
cast cylinders shall be fabricated in accordance with the
provisions of Practice C 192. The ends of each cylinder shall
meet the planeness requirements described in the scope of
Practice C 617 (Note 2). Horizontally cast specimens shall be
consolidated by the method appropriate to the consistency of
the concrete as indicated in the methods of consolidation
section of Practice C 192. Care must be taken to ensure that
the rod or vibrator does not strike the strain meter. When
vibration is used, the concrete shall be placed in one layer
and the vibrating element shall not exceed 1% in. (32 mm)
in diameter.When rodding is used, the concrete shall be
placed in two approximately equal layers and each layer shall
be rodded 25 times evenly along each side of the strain
meter. After consolidation the concrete shall be struck off
with trowel or float, then trowelled the minimum amount to
form the concrete in the opening concentrically with the rest
of the specimen. A template curved in the radius of the
specimen may be used as a strikeofT to shape and finish the
concrete more precisely in the opening. When cylinders are
1o be stacked, lapping of ends is strongly recommended.

Note 2—Requirements for planeness may be met by capping.
lapping. or, at the time of casting. fitting the ends with bearing plates
normal to the axis of the cylinder.
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5.3 Number of Specimens—No fewer than six specimens
(Note 3) shall be made from a given batch of concrete for
each test condition; two shall be tested for compressive
strength, two shall be loaded and observed for total deforma-
tion. and two shall remain unloaded for use as controls to
indicate deformations due to causes other than load. Each
strength and control specimen shall undergo the same curing
and storage treatment as the loaded specimen.

NoTe 3—It is recommended that specimens be tested in triplicate
although duplicate specimens are acceptable.

6. Curing and Storage of Specimens

6.1 Standard Curing—Before removal from the molds,
specimens shall be stored at 73.4 + 3.0°F (23.0 = 1.7°C) and
covered to prevent evaporation. The specimens shall be
removed from the molds not less than 20 nor more than 438
h after molding and stored in a moist condition at a
temperature of 73.4 = 3.0°F until the age of 7 days. A moist
condition is that in which free water is maintained on the
surfaces of the specimens at all times. Specimens shall not be
exposed to a stream of running water nor be stored in water.
After the completion of moist curing the specimens shall be
stored at a temperature of 73.4 + 2.0°F (23.0 + 1.1°C) and at
a relative humidity of 50 = 4 % until completion of the test.

6.2 Basic Creep Curing—If it is desired to prevent the
gain or loss of water during the storage and test period,
specimens shall at the time of fabrication or stripping be

enclosed and sealed in moistureproof jackets (for example,

copper or butyl rubber) to prevent loss of moisture by
evaporation and shall remain sealed throughout the period of
storage and testing.

6.3 Variable Curing Temperature Regimen—When it is
desired to introduce the effect of temperature on the elastic
and inelastic properties of a concrete (as. for example, the
adiabatic temperature conditions existing in massive con-
crete or temperature conditions to which concrete is sub-
jected during accelerated curing), temperatures within the
specimen storage facility shall be controlled to correspond to
the desired temperature history. The user shall be responsible
for establishing the time-temperature history to be followed
and the permissible range of deviation therefrom.

6.4 Other Curing Conditions—Other test ages and am-
bient storage conditions may be substituted when informa-
tion is required for specific applications. The storage condi-
tions shall be carefully detailed in the report.

7. Procedure

7.1 Age at Loading—When the purpose of the test is to
compare the creep potential of different concretes, initially
load the specimens at an age of 28 days. When the complete
creep behavior of a given concrete is desired, prepare the
specimens for initial loading in the following ages: 2, 7, 28,
and 90 days, and ! vear. If information is desired for other
ages of loading, include the age in the report. ,

7.2 Loading Details—Immediately before loading the
creep specimens. determine the compressive strength of the
strength specimens in accordance with Test Method C 39. At
the time unsealed creep specimens are placed in the loading
frame. cover the ends of the control cylinders to prevent loss
of moisture (Note 4). Load the specimens at an intensity of
not more than 40 % of the compressive strength at the age of

loading. Take strain readings immediately before and after
loading, 2 to 6 h later, then daily for 1 week, weekly until the
end of | month, and monthly until the end of | year. Before
taking each strain reading, measure the load. If the load
varies more than 2 % from the correct value, it must be
adjusted (Note 5). Take strain readings on the contro]
specimens on the same schedule as the loaded specimens.

NoTe 4—In placing creep specimens in the frame, take care in
aligning the specimens to avoid eccentric loading. When cylinders are
stacked and external gages are used. it may be helpful to apply a smal]
preload such that the resultant stress does not exceed 200 psi (1380 kPa)
and note the strain variation around each specimen, after which the load
may be removed and the specimens realigned for greater strain
uniformity.

NoTE 5—Where springs are used to maintain the load. the
adjustment can be accomplished by applying the correct load and
tightening the nuts on the threaded reaction rods.

8. Calculation

8.1 Calculate the total load-induced strain per pound per
square inch (or kilopascal) at any time as the difference
between the average strain values of the loaded and control
specimens divided by the average stress. To determine creep
strain per pound-force per square inch (or kilopascal) for any
age, subtract from the total load-induced strain per pound-
force per square inch (or kilopascal) at that age the strain per
pound-force per square inch (or kilopascal) immediately
after loading. If desired, plot total strain per pound-force per
square inch (or kilopascal) on semilog coordinate paper, on
which the logarithmic axis represents time, to determine the
constants 1/E and F(K) for the following equation:

e=(1/E) + FK)n(t + 1)

where:

€ total strain psi (or kPa),

E = instantaneous elastic modulus. psi (or kPa),

F(K) = creep rate. calculated as the slope of a straight line
representing the creep curve on the semilog plot.
and :

t = time after loading, days.

The quantity 1/E is the initial elastic strain per pound per
square inch (or kilopascal) and is determined from the strain
readings taken immediately before and after loading the
specimen. If loading was not accomplished expeditiously.
some creep may have occurred before the after-loading strain
was observed, in which event extrapolation to zero time by
the method of least squares may be used to determine this
quantity.

9. Report

9.1 Report the following information:

9.1.1 Cement content, water-cement ratio, maximum 32
gregate size, slump. and air content,

9.1.2 Type and source of cement. aggregate. admixturé
and mixing water (if other than fresh water is used),

9.1.3 Position of cylinder when cast.

9.1.4 Storage conditions prior to and subsequent t0 Joad-

9.1.5 Age at time of loading.

9.1.6 Compressive strength at age of loading.
9.1.7 Type of strain measuring device.

9.1.8 Magnitude of any preload.
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1.9 Intensity of applied load,

1.10 Initial elastic strain,

1 11 Creep strain per pound per square inch (or kilo-
t designated ages up to | year, and

1.12 Creep rate, F(K), if determined.

9
9
9

past
9.
«g. Precision and Bias

10.1 Precision—The single-operator single-batch coeffi-
dent of variation has been found to be 4.0 %4, and the
<ngle-operator-multi-batch coefficient of variation has been

———————————
4 These numbers represent the (1s %) limit as described in Practice C 670.

found to be 9.0 %4, over the range of creep strains from 250
to 2000 millionths. The results of two properly conducted
tests by the same operator on the same material should not
differ by more than 6 % 2 of their average. The results of two
properly conducted tests by the same operator on material
cast from different batches should not differ by more than
13 % 2 of their average.

10.2 Bias—This test method has no bias because the
values determined can only be defined in terms of the test
method.

11. Keywords
11.1 compression; concrete; creep; creep strain; elastic
strain

# These numbers represent the (d2s %) limit as described in Practice C 670.
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